SAGE2_V6. 20 _AERCSOL_(3_NO2_H20 BI NARY Readne File

1.0 Introduction

This ‘readne’ file provides information on the

SAGE2_V6. 20 _AEROCSOL_O3_NO2_H20O BI NARY data set. This data set includes aerosol
extinction profiles at 1020, 525, 453, and 385 nanoneters, nunber density
profiles of ozone and nitrogen di oxide, plus nolecular density and m xing ratio
profiles of water vapor. It also includes aerosol surface area density and
effective radius profiles (Thomason, L.W, L.R Poole, and T.R Deshler, "A

G obal dimtology OF Stratospheric Aerosol Surface Area Density As Deduced From
SAGE |1: 1984-1994", J. Ceophys. Res., 102, 8967-8976; 1997.), and retrieved
nol ecul ar density for the m ddl e atnosphere (40-75 km. Al profiles are at
0.5-kmvertical resolution. These products are nearly global in coverage, with
data spanning from 80 North to 80 Sout h.

For nore information on the SAGE Il Project and a detail ed description of the
SAGE Il Version 6.20 processing, visit the followng web site
http://ww- sage2. | arc. nasa. gov

If users have questions, please contact the Langl ey ASDC Sci ence, Users and Data
Services Ofice at:

At nospheric Sciences Data Center
Sci ence, Users and Data Services Ofice
Mail Stop 157D

2 South Wight Street

NASA Langl ey Research Center
Hanpton, Virginia 23681-2199

U S A

E-mail: | arc@os. nasa. gov

Phone: (757) 864-8656

FAX: (757) 864-8807

URL: http://eosweb. | arc. nasa. gov

2.0 Data Set Description

The Stratospheric Aerosol and Gas Experinment (SAGE) Il was | aunched aboard the
Earth Radi ati on Budget Satellite in Cctober 1984 during STS-41-G  The

i nstrument continues to provide high quality neasurenents of ozone, nitrogen

di oxi de, water vapor, and nulti-wavel ength aerosol extinction fromthe md-
troposphere to as high as the | ower nesosphere. The extended lifetime of this
instrunment and its nmeasurenment stability enhance its value in quantifying |ong-
termtrends and variability in its species ensenble. This data set spans the
period Cctober 1984 through the present. It contains profiles of aerosol
extinction at 1020, 525, 453, and 385 nanoneters(nm and nunber density profiles
of ozone, nitrogen dioxide, and nol ecul ar density, water vapor mxing ratio, and
aerosol surface area and effective radius at a vertical resolution of 0.5km It
al so includes retrieved nol ecul ar density from 40-75km on a 0.5km gri d.

2.1 Instrunent Description

The SAGE Il instrunment is a seven-channel Sun photoneter using the
Cassegrai ni an-configured tel escope, hol ographic grating, and seven silicon
phot odi odes, sonme with interference filters, to define the seven spectral
channel band passes. Solar radiation is reflected off a pitch mrror into the
tel escope with an i mage of the Sun forned at the focal plane. The instrunment's
i nstant aneous field-of-view, defined by an aperture in the focal plane, is a



0.5-by-2.5 arc-mnute slit that produces a vertical resolution at the tangent
point on the Earth's horizon of about 0.5 kilonmeters. Radiation passing through
the aperture is transferred to the spectroneter section of the instrunment
cont ai ni ng the hol ographic grating and seven separate detector systens. The

hol ographi c grating disperses the incomng radiation into the various spectral
regi ons centered at the 1020, 940, 600, 525, 453, 448, and 385 nanoneter

wavel engths. Slits on the Rowl and circle of the grating define the spectral band
pass of the seven spectral channels. The spectroneter systemis inside the
azimuth ginbal to allow the instrunent to be pointed at the Sun w thout inmage
rotati on. The azimuth ginbal can be rotated over 370 degrees so that
measurenents can be made at any azi nuth angl e.

The operation of the instrunent during each sunrise and sunset neasurenment is
totally automatic. Prior to each sunrise or sunset encounter, the instrunent is
rotated in azimuth to its predicted solar acquisition position. Wen the Sun's
intensity reaches a | evel of one percent of maxinmumin the Sun sensor, the
instrument adjusts its azinmuth position to |lock onto the radionetric center of
the Sun to within +/-45 arc-seconds and then begins acquisition of the Sun by
rotating its pitch mrror in a predeterm ned direction dependi ng on whether it
is a sunrise or a sunset. Wien the Sun is acquired, the pitch mrror rotates
back and forth across the Sun at a rate of about 15 arc-m nutes per second. The
radi onetric channel data are sanpled at a rate of 64 sanples per second per
channel, digitized to 12-bit resolution, and recorded for later transm ssion
back to Earth.

Version 6.2

A new version of the SAGE Il data products has been rel eased. The primary change
to the algorithmdealt with the inprovenent in the water vapor product. The SAGE
Il V6.1 data has not been publicly available after m d-2000 due to an altitude
regi stration problem This has been tracked down and corrected. An error in the
interpolation of the NCEP Met data used to renove Rayl eigh scattering fromthe
transm ssion profiles has al so been corrected. For a detail ed description of al
al gorithm nodi fications, see the following SAGE Il web site:
http://ww- sage2. | arc. nasa. gov/ data/v6_data

2.3 Data Quality and Known Deficiencies
For a detailed description of all algorithmnodifications, see the follow ng
SAGE Il web site: http://ww- sage2.larc. nasa. gov/data/v6_data

2.4 Science contact

Larry W Thomason

NASA Langl ey Research Center
At nospheric Sciences Division
Mai | Stop 475

Hanpt on, VA 23681-2199

Phone: (757) 864-6842

FAX: (757) 864-2671

E-mail: [.w thonmason@asa. gov

Joseph M Zawodny
NASA Langl ey Research Center



At nospheric Sciences Division
Mai | Stop 475

Hanpt on, VA 23681-2199

Phone: (757) 864-2681

FAX: (757) 864-2671

E-mail: j.m zawodny@asa. gov

3.1 file Nam ng convention

SAGE Il Version 6.20 files are named according to the follow ng convention:
SAGE || _I NDEX_YYYYMM 6. 20

SAGE || _SPEC _YYYYMM 6. 20

VWhere YYYY is the 4 digit year and MMis the 2 digit nonth.

The "I NDEX" file contains the revision information and the "SPEC' file contains
the Species profiles

4.0 Science Paraneter Information
4.1 Al'titude Range for Species

Speci es Range (km
Ozone 5-60

NC2 15-60

Aerosol 1-45

Wat er Vapor MSL-40

4.2 Data File Contents

The foll ow ng abbrevi ati ons have been used in the description of the file
cont ent s.

alt - altitude Lon - |ongitude

Arr - array Max - maxi num

Char - character string Met - Meteorol ogy

Ele - Elenent Mn - m ni num

ext - extinction NO2 - nitrogen dioxide

H20 - water vapor O3 - ozone

Int - Integer sr - sunrise
LaRC - Langl ey Research Center ss - sunset
Lat - latitude

4.2.1 Index File Contents
Revi sion Info

Field Type Descri ption
Num_Pr of 4-byte Int Nunber of profiles (records) in file
Met _Rev_Date 4-byte Int LaRC Met Mbdel Rev Date (yyyymud)
Driver _Rev 8-byte Char LaRC Driver version (eg. 6.20)
Transm ssi on_Rev 8- byte Cha LaRC Transmi ssi on version

I nver si on_Rev 8- byt e Char LaRC I nversi on version
Spectroscopy_Rev 8-byte Char LaRC | nversi on version

Eph_Fi | e_Nane 32- byt e Char Epheneris file nane

Met _Fil e_Nane 32- byt e Char Met file nane

Ref Fil e_Nane 32- byt e Char Refraction file nane

Trans_Fi | e_Nane 32 -byte Char Transmi ssion file nane

Spec_Fi | e_Nane 32-byte Char Species profile file nanme

Fi |l Val 4- byt e Real Fill val ue



Range_Density
Range_Surf ace

Event Specific Info useful

YYYYMVDD
event _num
HHWVES
Day_ Frac
Lat

Lon

Bet a

Dur ati on
Type_Sat

Type_Tan

4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e

4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
4- byt e
2-byte

2-byte

Process Tracking Flag info:

Processi ng Success:

Dr opped

I nf Vec
Epheneri s:
Eph_Cre_Date
Eph_Cre_Ti ne
Met :

Met _Cre_Date
Met Cre Tinme
Ref raction:

Ref _Cre_Date
Ref Cre Tinme
Transmi ssi on:
TRANS Cre_Date
TRANS Cre Tine
I nver si on:

SPECI ES _Cre_Date
SPECI ES Cre_Tine

A B Db BB Db BbD

-byte Int
-byte Int

-byte Int
-byte Int

-byte Int
-byte Int

-byte Int
-byte Int

-byte Int
-byte Int Arr

-byte Int Arr
-byte Int

4.2.2 Species File Contents
Field Type Description

Tan_Al't
(km
Tan_Lat
Tan_Lon
NMC Pres
NMC_Tenp
NMC Dens

4- byt e

4- byt e
4- byt e
4- byt e
4- byt e
4- byt e

Real
Real
Real
Real
Real
Real
Real
Real
Real
Real

Altitude Gid spacing

Arr wW200El e CGeonetric At

Arr w 70El e Ceonetric Alt for Dens_ Md Atm
Arr w 2 Ele Transm ssion Mn & Max alt

Arr w 2 Ele Ozone Density Mn & Max alt

Arr w 2 Ele NO2 Density Mn & Max alt

Arr w 2 Ele H20O Density Mn & Max alt

Arr w 2 Ele Extinction Mn & Max alt

Arr w 2 Ele Density Mn & Max alt

Arr W 2 Ele Surface Area Mn & Max alt

for data subsetting:

Int Arr w930 Ele Event Date (yyyymudd) at 30 km

Int Arr w930 Ele The event nunber

Int Arr w930 Ele Event Time (hhmss) at 30 km

Real Arr w930 Ele Tine of Year (ddd.fraction)

Real Arr w/ 930El e Sub-tangent Lat at 30km

Real Arr w/ 930 Ele Sub-tangent Lon at 30km

Real Arr w/ 930 Ele Spacecraft Beta angle (degree

Real Arr w/ 930 Ele Duration of event (seconds)

Int Arr w930 Ele | nstrunent Event Type, O=sr,
1=ss)

Int Arcr w 930 Ele Event Type, Local (0=sr, 1=ss)

€2 &8 &8 g8 g1 &=

Real

Real
Real
Real
Real
Real

930
930

930
930

930
930

930
930

930
930

930
930

El e
El e

El e
El e

El e
El e

El e
El e

El e
El e

El e
El e

£2222 £

Val ue is non-zero if event is dropped
32 bits describing the event processing

yyyymrdd)
hhmrss)

yyyymdd)
hhmss)

creation date
creation tine

Record
Record

creation date
creation tine

Record
Record

Record
Record creation tine (hhnmss)
creation date
creation tine

Record
Record

yyyymdd)
hhmss)

creation date
creation tine

Record
Record

yyyymdd)

(

(

(

(
creation date gyyyynndd)

(

(

(

(hhnmrss)

8 Ele Cent er-of - Sun Tangent Alt

8 Ele Center-of-Sun Lat (deg)

8 Ele Center-of-Sun Lon (de

14 El e Pressure (nmb) (0.5-70km

140 El e Tenperature (K), (0.5-70km
140 El e Density (nol ecul es/cnB) (. 5-



NMC Dens_Err
Trop_Hei ght
Wavel engt h
a3

NO2

H20

Ext 386

Ext 452

Ext 525

Ext 1020

Density
Sur f Den

Radi us
Dens_ M d_Atm

B _Err
uncertainty

NO2_Err
uncertainty

H20 Err
uncertainty

Ext 386_Err
Ext 452_FErr
Ext 525 Err
Ext 1020_Err

Density_Err
SurfDen_Err

Radi us_Err
Dens_ M d_AtmErr

I nf Vec

2-byte Int Arr w 140 El e

4-byte Real Arr w 1 Ele
4-byte Real Arr w 7 Ele
4-byte Real Arr w 140El e
4-byte Real Arr w 100El e
4-byte Real Arr w 100El e
4-byte Real Arr w 80 Ele
4-byte Real Arr w 80 Ele
4-byte Real Arr w 80 Ele
4-byte Real Arr w 80 Ele
4-byte Real Arr w 140El e
4-byte Real Arr w 80 Ele
4-byte Real Arr w 80 Ele
4-byte Real Arr w 70 Ele

2-byte Int Arr w 140 El e

2-byte Int Arr w 100 Ele

2-byte Int Arr w 100 Ele

2-byte Int Arr w 80 Ele
2-byte Int Arr w 80 Ele
2-byte Int Arr w 80 Ele
2-byte Int Arr w 80 Ele
2-byte Int Arr w 140 El e
2-byte Int Arr w 80 Ele

2-byte Int Arr w 80 Ele
2-byte Int Arr w70 Ele
2-byte Int Arr w 140 El e

5.0 Description of Sanple Read Software
An Interactive Data Language (IDL) programis provided for reading the SAGE ||

Version 6.20 data fil es.

70km)

Density Uncertainty(%2100)
Tropopause height in km
Channel wavel engt hs

33 nunber density (cm 3)
NO2 nunber density (cm 3)
H20 nunber density (ppp)
386 nm aerosol extinction

(1/km

452 nm aerosol extinction
(1/km

525 nm aerosol extinction
(1/km

1020 nm aerosol extinction
(1/km

Mol ecul ar density (1/cnt3)
Aerosol surface area density
(mcroneter”2/ cm3)

Aerosol effective radius

(mcroneter)

M ddl e at nosphere retrieved
density(1/cnm3)
B8 nunber density

(9% 100)

NO2 nunber density

(9% 100)
H20 nunber density

(%100

386 nm aerosol ext.
uncertainty %2100)

452 nm aer osol ext.
uncertainty (%100)

525 nm aer osol ext.
uncertainty (%100)

1020 nm aer osol ext.
uncertainty (%100)
Density uncertainty (%100)

Aerosol surface area density
uncertai nty(%2100)

Aerosol effective radius
uncertainty (%100)

M ddl e at nosphere density
uncertainty (%100)
Bit-wise quality flags

Instructions and Fortran 90 nodul es that may be used to

read the data are also available. The SAGE Il team has provi ded both prograns.
The I DL program all ows users to display graphically the data. This | DL package
was designed for the "experienced" IDL user. There is a second |IDL piece of code



that allows the user to read one "event" or the entire file. This code converts
the entire file into ASCI1. Once in ASCII, the user is able to port the out put
to his/her favorite software. There is a Fortran 90 package avail able. This
package contains nodules to be used to read the data. This is NOT a conplete
sanpl e read software package.

6.0 Inplenmentation of the Sanpl e Read Software

To run the I DL package, please refer to the "README" included in the package.
To run the I DL code, sagetext_v6.20.pro, which converts the data from binary
into ASCII, follow these instructions:

From the command |ine, type the follow ng commands:

commandl i ne> i dl

| DL> . conpi | e sagetext_v6. 20.pro

% Conpi | ed nodul e: GETI NDEXNAME.

% Conpi | ed nodul e: SAGETEXT.

| DL>saget ext

Pl ease call sagetext using the filenane of the file to read. Also provide the
record nunber to read, or answer the pronpts. You may al so use the out put
keyword to specify the output file.

Usage exanpl es:

1. Wites record 100 of SAGE |l_SPEC 199804.6.20 to sage. dat

sagetext,' SAGE || _SPEC 199804. 6. 20' , 100

2. If the record nunber is left off, you will be pronpted.
sagetext,' SAGE || _SPEC 199804. 6. 20

3. In this exanple, output is witten to 'output.dat’

saget ext,' SAGE || _SPEC 199804. 6. 20", 100, out put =" out put . dat"

| DL>saget ext,' SAGE | | _SPEC 199804. 6. 20

Enter the starting record nunber (or Enter for first record of the file):
0

Enter the ending record nunber (or Enter for the last record of the file):
930

% Conpi | ed nodul e: READSTRUCTS.

% Conpi | ed nodul e: REVERSE

% Conpi | ed nodul e: GETSTRUCTI NFO.

% Conpi | ed nodul e: 1 NDEXI NFO_60D.

% Conpi | ed nodul e: 1 NDEXI NFO _610.

% Conpi | ed nodul e: TRANSI NFO_600.

% Conpi | ed nodul e: REFRACTI NFO_60D.

% Conpi | ed nodul e: METI NFO

% Conpi | ed nodul e: METI NFO _610.

% Conpi | ed nodul e: EPHI NFO_Y2K.

% Conpi | ed nodul e: SPECI NFO_600.

% Conpi | ed nodul e: SPECI NFO _610.

% Conpi | ed nodul e: SWAP_ENDI AN.

The specified record nunber are outside the range for this file.

Pl ease try again with records between 0 and 559.

| DL>saget ext,' SAGE | | _SPEC 199804. 6. 20

Enter the starting record nunber (or Enter for first record of the file):
0

Enter the ending record nunber (or Enter for the last record of the file):
559

| DL>exi t



Look into your working directory and you should have a file called sage. dat.

8.2 Bit Flag Meaning

Bit flags are used in both the index and species files to convey significant

i nformati on about the inversion process.
event while species bit flags are both species and altitude dependent.
severity increases wWith increasing val ue.

general ,
as keys to the devel opers.

Index bit flags refer to an entire

In

Sonme flags are primarily kept
A set bit flag does not necessarily indicate that an

event shoul d be considered flawed. The data set has been designed to indicate

data validity through uncertainty estinmtes and,

m ssi ng dat a.

8.2.1 Index File Bit Flags

Nane Bi t Nunber
pntc_present 0
profile

h2o_zero_found 1
h2o0_sl ow _conver gence 2
h2o0 _ega failure 3
(E&N

default_nnt_tenp_errors 4
because

ch2_aero_nodel _A: 5
ch2_aero_nodel _B: 6
ch2_new wavel engt h: 7
i nconpl ete_nnt_dat a 8
from

m rror_nodel 15
twoney_non_conv_rayl ei gh 19
failure
twoney_non_conv_386_Aero 20
twonmey_non_conv_452 Aero 21
twonmey_non_conv_525 Aero 22

twonmey_non_conv_1020_Aero 23

t worrey_non_conv_NOQ2 24
t wonmey_non_conv_ozone 25
no_shock_correction 30

was

Meani ng
Pol ar

bet ween 70 and 90 km

in the case of serious failure,

Mesospheric Coud (PMC) found in

Zero or negative mxing ratio inferred

Wat er vapor retrieval

iterations

required nore than 20

Em ssivity Curve-of-G owh Approximation

tool failure

A default uncertainty profile was used

post - Chi chon nodel
Pi nat ubo node
ch2 uses new filter function

for ch2 clearing
for ch2 clearing

no NCEP provided uncertainty were avail able
One or nore mandatory | evels were m ssing

NCEP dat a

Mrror reflectivity is nodel ed;

high altitude data
Twoney- Chahi ne (T-C)

for Rayleigh retrieval
T-Cinversion routine failure
aerosol extinction retrieval
T-Cinversion routine failure
aerosol extinction retrieval
T-Cinversion routine failure
aerosol extinction retrieval
T-Cinversion routine failure
aerosol extinction retrieval
T-Cinversion routine failure
retrieva

T-Cinversion routine failure
retrieva

for
for
for
for
for

for

No correction for the electrical

i nsuf fici ent

i nversi on routine

386 nm
452 nm
525 nm
1020 nm
NC2

ozone

transi ent



performed; usually a short event with too

few
extraterrestrial solar irradiance avail able
8.2.2 Species File Bit Flags
Nanme Bit Nurber Meani ng
separati on_net hod 0-2 Met hod used to separate between ozone, NO2,
and aer osol
one_chan_aerosol corr 3 Aer osol correction based on 1020nm aer 0so
only
no 935 aerosol corr 4 No aerosol correction in the water vapor
retrieval (based on the 935nm channel)
Large_1020_CD 5 1020- nm aerosol slant path optica
depth is large at or above this |level and
may
i nfl uence ozone retrieval
NO2_Extrap 6 Rel evant to water vapor retrieval NO2 is
extrapolated at this altitude based on a
vertical profile that termnated at a higher
al titude
Wat er _vapor _rati o: 7-10 Rati o of the water vapor slant path optical
depth to the total optical depth in 940nm
filler_bit_8 8
filler_bit_9 9
filler_bit_10 10
Cloud Bit_ 1 11 Cloud bit: on is test successful,
either aerosol (if 12 is off) or cloud (12
on), off is indeterm nate or not tested
Cloud Bit_ 2 12 Cloud bit: onis indetermnate (if
11 is off) or cloud (if 11 is on). off is
not
tested or aerosol
No_H20O Corr 13 Ozone not corrected for water vapor
I n_Troposphere 14 Altitude is bel ow the NCEP-provi ded
t ropopause
al titude
8.2.3 Species Separation Method Bit Flags
Nanme Bi t Number Meani ng
no_aer osol _net hod 0 Four channels used (3-6); Ozone,
NC2, no aerosol inferred
trans_no_aero_to _five chan 1 Transition
st andar d_net hod 2 Fi ve channel s used (1, 3-6); Ozone,
NC2, and aerosol (3)
trans_five_chan_to | ow 3 Transi tion
f our _chan_net hod 4 Four channels used (1, 3-5); Ozone,
aerosol (3)
trans _four _chan to three chan 5 Transition
t hree_chan_net hod 6 Three channel s used (1, 3,4); Ozone,
aerosol (2)
ext ensi on_net hod 7 Channel 1 only, aerosol (1)

READI NG SAGE |

VERSI ON 6. 20 FORMAT DATA USI NG FORTRAN 90.



Since different fortran conpilers handle binary unformatted data in different
ways, it is not possible to provide a reader for the SAGE Il data that will work
with all hardware systens and all conpilers. But a nunber of general conments
can be nmade. The Fortran 90 nodul es and sanpl e output are available fromthe
SAGE Il data table (http://eosweb. | arc. nasa. gov/ PRODOCS/ sage2/t abl e_sage2. htm ).

The files are unformatted (native format) binary files witten on a DEC Al pha by
a program conpiled using the DIG@ TAL Fortran 90 V5.2-705 conpiler. The data
consists of two and four byte little endian integers and single and doubl e
precision little endian | EEE floating point data. The follow ng code fragnments
shoul d be sufficient for reading the SAGE Il data files on a DEC or PC system

use specinfo I'the specinfo.f90 file is provided

inmplicit none

integer :: unit=201,|rspec, recnunrl I'this unit nunber is just an exanple
character (1en=80) :: file = "SAGE ||l _SPEC 198410. 6. 20’ lexanple fil enane

type(speci esi nfo) spec

lopen the species structure file

i nqui re(i ol engt h=l rspec) spec
open(unit=unit,file=file,action="read , &
forme" unformatted' ,access="direct', recl=Ilrspec)

Iread the first record
read(unit=unit, rec=recnun) spec

lclose the file
cl ose(unit)

A text file is provided which contains the contents of the first two records of
the file SAGE || _SPEC 198410.6.20. Also provided is a f90 subroutine called
formatspec (in the file formatspec.f90), which can be used to print out one
species record at a tinme with a standard format. The user can use these two file
to test that the species structure files are being read correctly. Just cal
format spec twi ce, once for each of the first tw records of

SAGE Il _SPEC 198410.6.20. The argunents are the file unit nunber to wite to,
and the entire record represented as a speciesinfo structure ("spec" in the
above code fragnment). The resulting text file should be exactly identical to
SAGE Il _SPEC 198410.6.20.txt provided here. |If it isn't, there are several
possi bl e causes. ..

BYTE SWAPPI NG

The SAGE Il structure files contain little-endian data, that is, nultiple byte
data are stored with the |east significant byte first. Certain hardware
systenms, such as Sun workstations, store data with the nost significant byte
first. Users of such systenms will need to perform byte swapping on SAGE || data
in order for it to be read correctly.

Sone conpilers provide various nmethods for perform ng byte-swapping
automati cal ly, although no such provision is given in the Fortran 90 standard.
Look for a non-standard keyword to the open statenent, such as "convert". Also
| ook for ways to specify that byte-swapping should be perforned using conpiler



options, run-tinme options, or systemenvironnent variables. Detailed
i nformati on on these nethods will be found in the docunentati on acconpanying the
fortran 90 conpiler

Note that sone of these nethods may not work for data in user-defined types. |If
that is the case, the read statenent will have to be nodified to read in each
conponent of the species structure separately. That is, the statenent

read(uni t=unit, rec=recnun) spec

will have to be nodified as

read(unit=unit,rec=recnun) spec%an_alt,spec% an_| at, spec% an_|on, &
specnc_pres, spec¥nc_t enp, spec¥nc_dens, &

{etc.}

If the data still are not being read in correctly, proceed to the
next section.

If no nmethod of perform ng automatic byte-swapping is found in the conpiler
docunentation, users will have to manually perform byte-swapping in the
application program Four byte integers and reals should have all four bytes
reversed, so that what is read in as (byte-1)(byte-2)(byte-3)(byte-4) is changed
to (byte-4)(byte-3)(byte-2)(byte-1). Two byte integers will sinply have the
even and odd bytes interchanged. One way to acconplish such swapping is using
the fortran 90 intrinsic routine nvbits, as in the follow ng exanpl e.

I four-byte swap
bitperbyte = bit_size(tan_alt(1))/4
0

bt bdl =

bt bd2 = bitperbyte
bt bd3 = bitperbyte*2
bt bd4 = bitperbyte*3

call nvbits(tan_alt, btbdl, bitperbyte, output% an_alt, bt bd4)
call nvbits(tan_alt, btbd2, bitperbyte, output% an_alt, bt bd3)
call nvbits(tan_alt, btbd3, bitperbyte, output% an_alt, bt bd2)
call nvbits(tan_alt, btbd4, bitperbyte, output% an_alt, bt bdl)

Not e, however that nvbits accepts only integer argunents. One way around this
[imtation is to read in all the four-byte real data as four-byte integer data,
swap the bytes, and re-wite the data to a tenporary file. The tenporary file
can then be read in the normal way.

TROUBLE- SHOOTI NG OTHER POSSI BLE PROBLEMS

Because there is nothing in the fortran 90 standard specifying how different
conpilers treat binary unformatted data, it is possible that other
irregularities can cause difficulties in reading SAGE Il data.

A user encountering such difficulties should first exam ne the expected record
size. The follow ng statenent was included in the exanple code fragnment given
previ ously:

type(speci esi nfo) spec



i nquire(iol engt h=Irspec) spec

The result, Irspec, should be a nultiple of 2137. If it is not, it may be true
that the size of individual conponents is different fromexpected. The user can
performinquiry statenents on arrays of integers of kind=2 and kind=4 and reals
of kind=4 to determne if the follow ng are true:
1. the size of integer(kind=4) should be the sanme as real (ki nd=4)
2. the size of integer(kind=4) should be twice the size of integer(kind=2)
3. the size of a variable of type speciesinfo should be 1482 tines

the size of a (kind=4) variable plus 1310 tines the size of a (kind=2)

Note: the inquiry statenment should be done on arrays rather than on scal ars.

The reason for this is that the "iolength" of a single (kind=2) integer may be
the same as a single (kind=4) integer in order to ensure that data are aligned
on natural byte boundaries. However, an array of 100 (ki nd=2) integers would be
expected to be half the size of an array of 100 (kind=4) integers. Since two
byte i ntegers appear in the species structure only in arrays of even |length, the
iolength of an array of values is nore relevant.

On sone conpilers, sone of the given conditions may be false. For instance, the
Wor kShop f90 conpiler that is used on many Sun systens reads and wites all
integers as four bytes. |In other words, the kind specification (or the "n" in
"integer*n") controls only the precision and range of the integer, not the
anount of nenory used for the variable. For this reason, it is inpossible to
read two-byte integers in a straightforward way. One option for users of such
conpilers is to create a dummy structure which represents arrays of (kind=2)
integers as arrays of (kind=4) integers of half the length. Then the intrinsic
routine nvbits can be used to split the bytes apart.

The third condition specifies that the size of the speciesinfo record be equal
to the sumof the sizes of its parts. |If this is not true, then the conpiler
pads the structure in a way different fromthe way it was witten. This is not
expected to happen, because the speciesinfo type is already defined in such a
way that the data are aligned on natural byte boundaries. A natural boundary is
a multiple of the size of the data item Alignnent on natural byte boundaries

i nproves the efficiency of data storage and many conpilers ensure this alignnment
by padding m saligned data. |If for sone reason padding simlar to this is being
performed, the user can exam ne the docunentati on acconpanying the conpiler for
away toturnit off. Reading the data one conponent at a tinme, as described in
the section on Byte-Swappi ng, would al so nost |ikely solve this problem



